INTRODUCTION {#sec1-1}
============

Vitamin B12 (cobalamin) is a complex water soluble micronutrient, chiefly available in animal protein. It serves as a cofactor for methionine synthesis by transfer of methyl group to homocysteine which is an atherogenic and potential endothelial toxin. This conversion of homocysteine to methionine forms demethylated tetrahydrofolate (THF) which is required for DNA synthesis. Further metabolism of methionine to S-Adenosyl methionine (SAM) is essential for myelin synthesis and maintenance of neuronal integrity as well as neurotransmitter regulation.\[[@ref1][@ref2]\]

Vitamin B12 deficiency is a common but often under recognized condition causing neurologic, cognitive, psychiatric, and mood symptoms. Diverse religions, ethnic, and socioeconomic heterogeneity of the people of Asian countries particularly in India greatly influencing their dietary habits and with the high prevalence of *Helicobacter pylori* infections,\[[@ref3]\] use of oral contraceptive pills,\[[@ref4]\] diabetic medications like metformin,\[[@ref5]\] presence of intestinal parasites especially *Diphyllobothrium latum* (fish tapeworm),\[[@ref6]\] and chronic alcoholism,\[[@ref7]\] Vitamin B12 deficiency in India is not uncommon. But it is often under recognized due to the lack of classical symptomatic presentation.

According to Refsum *et al*., In India Vitamin B12 deficiency is seen in about 3.8% of the population.\[[@ref8]\] About 75% of the subjects had metabolic signs of cobalamin deficiency, which was only partly explained by the vegetarian diet.\[[@ref8]\]

In the developed countries, 6% of those aged 60 years and above are Vitamin B-12 deficient (plasma Vitamin B-12, 148 pmol/L).\[[@ref9]\] The prevalence of subnormal Vitamin B12 concentration in elderly varies from 3-40.5% depending on the cut-off used for defining deficiency of the cobalamin level in serum.\[[@ref10]\] In developing countries, deficiency is much more common, starting in early life and persisting across the life span and the prevalence of deficiency increasing with age.\[[@ref9]\]

According to previous studies there is no much information on the extent of Vitamin B12 deficiency in elderly Indians as determined by plasma Vitamin B12 levels.\[[@ref10]\] Therefore, studying the co-morbid Vitamin B12 deficiency status in neuropsychiatric symptoms in the elderly thus becomes important as it is a potentially reversible burden.

MATERIALS AND METHODS {#sec1-2}
=====================

We did a retrospective study analyzing the hospital records for a period of 1 year from 31^st^ May 2011 to 1^st^ June 2012. Data were collected from the patients of geriatric age group (\>60 years)\[[@ref11]\] who had Vitamin B12 deficiency (220 pmol/lit)\[[@ref9][@ref12]\] and presented with neuropsychiatric symptoms in neurology and geriatric clinic services of our institute. Study was approved under the institutional ethical committee. Patients with chronic infections, malignancies, and intracranial space occupying lesions were excluded.

Vitamin B12 levels were assayed by Siemens IMMULITE 1000 Immunoassay System and results obtained in pmol/L.

Data were analyzed using SPSS version16 software and results obtained.

RESULTS {#sec1-3}
=======

Among 259 patients of geriatric age group (\>60 years) who had neuropsychiatric manifestations, 16% (*n* = 60) had Vitamin B12 deficiency (\<220 pmol/L). Among 60 patients, the Vitamin B12 levels were \<150 pmol/L (severe), 150-200 pmol/L (moderate), and 201-220 pmol/L (mild) in 19, 24, 17 patients, respectively \[[Figure 1](#F1){ref-type="fig"}\].
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Twenty-one patients were diagnosed with posterior dementias (Alzheimers disease and diffuse lewy body dementia), 20 (33.33%) had features of Frontotemporal dementia, 7 with Schizophrenia, 4 each with Parkinson\'s disease and alcohol-dependent syndromes (ADS), 3 with bipolar affective disorder, and 1 with Creutzfeldt-Jakob disease.8 patients also had hypothyroidism. First symptom of presentation was behavioral disturbances in 30 (50%), memory loss in 20 (33.9%), and motor/movement disorders in 9 (15.3%) \[[Figure 2](#F2){ref-type="fig"}\].
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In our study, Vitamin B12 deficiency was more prevalent in elderly males (56.67%) and was associated with increased severity of behavioral disturbances (*P* = 0.043) which was the commonest presentation \[[Figure 3](#F3){ref-type="fig"}\].
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Hindi mental status examination (HMSE) score was graded as \<20, 20-24, 24-31 in 37 (61.7%), 10 (16.7%) and 13 (21.7%) patients, respectively. Cognitive decline in Vitamin B12 deficiency was significantly (*P* = 0.019) associated with increased serum cholesterol and was significantly prevalent in neurological disorders when compared with psychiatric illnesses (*P* = 0.001). Mean folate and mean homocysteine in our study was 11.7 ± 6.44 ng/ml and 17.77 ± 5.45 μmol/L, respectively. Eighty percent of the population had normal folate levels whereas mean homocysteine values were much higher than that of the western population (10-12 μmol/L).

DISCUSSION {#sec1-4}
==========

More than one fifth (23.16%) of the patients we studied had concomitant Vitamin B12 deficiency (\<220 pmol/L). This illustrates the high magnitude of co-morbid Vitamin B12 deficiency burden in this geriatric age group (\>60 years) who presented with neuropsychiatric manifestations.

Vitamin B12 levels were divided into mild (201-220 pmol/Lit), moderate(150-200 pmol/Lit) and severe deficiency (\<150 pmol/Lit) states based on previous studies.\[[@ref9][@ref12]\]

Thirty four (56.7%) were vegetarians among the 60 patients, and interestingly there was an increased prevalence of Vitamin B12 deficiency in nonvegetarians who constituted 26 patients (43.3%). This shows that even nonvegetarians are also vulnerable unlike the previous studies.\[[@ref13]\] Further studies are required for looking into the dietary patterns in Vitamin B12 deficiency in strict vegetarians comparing with nonvegetarians.

Seventeen (28.33%), 24 (40%), 19 (31.67%) patients had mild, moderate, and severe Vitamin B12 deficiency states, respectively. When moderate and severe deficiency values were put together there were 43 patients (71.67%) who had considerably lower levels of Vitamin B12. This implicates the severity of this deficiency as well as the need for early parenteral intervention in patients with neuropsychiatric manifestations.

Twenty-one patients were diagnosed clinically and radiologically with Posterior dementias (Alzheimers disease and diffuse Lewy body dementia), 20 (33.33%) had features of frontotemporal dementia, 7 with Schizophrenia, 4 each with Parkinson\'s disease, and alcohol-dependent syndromes (ADS), 3 with bipolar affective disorder, and 1 with Creutzfeldt-Jakob disease. This shows Vitamin B12 deficiency burden is more among patients who had neurodegenerative dementias.

Eight patients also had hypothyroidism. Because of the synergistic occurrence of Vitamin B12 deficiency and hypothyroidism,\[[@ref14]\] screening for hypothyroidism becomes important in neuropsychiatric patients presenting with Vitamin B12 deficiency. Thus, Vitamin B12 deficiency can be one of the important causes of reversible cognitive decline, acting as a second hit in hypothyroid patients.

In our study, Vitamin B12 deficiency was more prevalent in elderly males (56.67%) and was associated with increased severity of behavioral disturbances (*P* = 0.043) which was the commonest presentation. First symptom of presentation was behavioral disturbances in 30 (50%), memory loss in 20 (33.9%), and sensorimotor/movement disorders in 9 (15.3%). This shows that behavioral disturbances and cognitive decline can be exaggerated in these neuropsychiatric patients due to the comorbid Vitamin B12 deficiency. Thus, when evaluating geriatric patients with behavioral disturbances and memory loss, Vitamin B12 deficiency should also be borne in mind in addition to neurodegeneration and primary psychiatric illnesses.

Mean folate in this population was 11.7 ± 6.44 ng/ml and 80% of the population had normal folate levels. Folate and Vitamin B12 have a significant interrelationship in myelination as well as maturation of RBCs. In our study majority of the patients had normal range of folate levels paving a way to study the exclusive role of Vitamin B12 deficiency in increasing cognitive burden.

Mean homocysteine values were17.77 ± 5.45 μmol/L which was much higher than that of the western population (10-12 μmol/L) as described in several previous Indian studies.\[[@ref8]\] This higher homocysteine level in Indian population could be indicative of the susceptibility to cerebrovascular and cardiovascular illnesses which can be potentially prevented by administering Vitamin B12 and folic acid.

Hindi mental status examination (HMSE) was scored and graded as severe (\<20), moderate (20-24) and mild (24-31) cognitive decline in 37 (61.7%), 10 (16.7%), and 13 (21.7%) patients, respectively. Majority of the patients were observed to have severe cognitive decline which could be also due to the Vitamin B12 deficiency which is potentially reversible. Cognitive decline in Vitamin B12 deficiency was significantly (*P* = 0.019) associated with increased serum cholesterol and was significantly prevalent in neurological disorders when compared with psychiatric illnesses (*P* = 0.001). Our study shows that dyslipidemia in conjunction with Vitamin B12 deficiency significantly affects cognitive function (*P* = 0.019).

Further studies are required to ascertain the dietary patterns, clinical presentations, as well as the treatment outcomes after Vitamin B12 administration.

CONCLUSION {#sec1-5}
==========

Vitamin B12 deficiency is found to be more prevalent and severe in geriatric age group with neuropsychiatric manifestations irrespective of the dietary status. From our study Vitamin B12 deficiency is found to increase the cognitive decline and aggravate the behavioral symptoms especially in the neurodegenerative dementias particularly among elderly males. Mean folate was found to be in the normal range in the majority, whereas serum homocysteine levels were elevated contrary to the previous studies from western countries indicating the higher risk of endothelial injury among Indian population. Interestingly, we also found the cognitive decline to be higher in patients who had dyslipidemia in addition to Vitamin B12 deficiency. As per our knowledge this study is the first of its kind addressing the need for identifying, evaluating, and managing the reversible comorbid neuropsychological burden due to Vitamin B12 deficiency among elderly patients presenting with neuropsychiatric disorders. Early detection and management of Vitamin B12 deficiency can thus lessen the cognitive burden in elderly patients.
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